

************************************
INSTR. HAYLEY KELLAM: Everyone. Going to pass out a quiz. Hands up if you still need a copy. For question 4A two questions asking for technicalities so what I'm saying there geographically isolated if I was drawing a top down map of the general range would they be have the same ranges or the ranges of the map or would they be geographically isolated, like you have to draw two separate ranges. Hopefully that is a good clarification. One final minute. One minute left. That is time. If you want to pass them down that direction, we'll collect them up.
So ...	For true false both of them are false. The morpho specie concept is limited. This is false. You can look at the morphological characteristics problem... this is in fact the only way that we can look at whether or not fossils were separate series. The more limiting factors when we try to use the biological species concept to fossils because try as they may they cannot meet. Second one imprinting in bird song ...	This is also false. It is a mechanism for prezygotic reproductive ...
Fill in the blanks. Phylogenetic species concept, that delineate it's more species in clade than others ...
This one here so this is reinforcement. Reinforcement happens when hybrids have lower fitness than either of the other groups. So in this case they are worse at being in one
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environment, worse at being in the other environment, hybrids are going to have a selective disadvantage because they are going to reinforce the two species once they come back together. What additional piece of information do you need to determine if limnetics and benthics are different species. You will have to know they can and do reproduce in the wild to produce fertile hybrid offspring. Based on what I've given you in this graph it doesn't tell you whether they are produced in wild. If you want to go with that avenue that is fine. Other thing you can say I don't tell you whether or not these hybrids are fertile. Those would be the two answers. Any questions on first page.
STUDENT: Do you have to write both of those.
INSTR. HAYLEY KELLAM: Yeah. Part 2. Everyone's favourite question, these terms are all the same I will run you through they are not the same they all sound similar. I'll run you through what each of them are and why allopatric and peripatric are the answers. Allopatric is when you have a physical barrier that divides your population into two. Physical geographical distinction between the two so that one could be the types of speciation we are talking about. Parapatric I think not quite and this is what happens when you have a new niche but still geographically located attached to the other one. So it is parapatric. Peripatric is when you have a source population that causes a new population that is



geographically isolated from it. And simpatric is when they happen in the same place. We wanted peripatric and allopatric. The way I remember the difference is peripatric I think Perry Platypus and this one looks like he has a head, para is not quite. That is the way my brain has figured that one.
Okay. Sperm preference is an example of prezygotic... and it's most commonly seen in species with external fertilization. Other ones have other options to choose mates. Courtship obviously you have the ability to choose mates based on behaviours, mechanical barriers there's physical thing preventing. Sperm mate recognition, same thing.
What are two mechanisms cells utilize this is DNA methylation and RNA interference. And then the thinkiest question. So if you have a duplication that goes to fixation in the population due to drift. You have two copies of a particular Gene. There are four pop outcomes for what happens to the extra copy. Now, this comes down to remembering what is most likely to happen with the mutation. We can have the mutation be non-synonymous and bad. We can have it be non-synonymous and good. Makes a good novel function or we can have it going synonymous. Dun do anything. Which is most common? Bad, neutral or worse? So if you are looking at an active gene most likely it's going



to be worse. So the most likely outcome is actually
non-functionalization statistically. The least common is that your mutation is good and it develops some sort of new function. So most likely is non-functionalization, it breaks. Least likely it is neofunctionization.
STUDENT: What about gene conservation not require a mutation bond ... [Inaudible].
INSTR. HAYLEY KELLAM: But the -- so the outcome what I am meaning here is which will be the eventual locked in outcome of that particular gene in order for you to get gene conservation you need active selection for that seconds copy. So it's not just that it doesn't mutate because it's going to mutate. So you would need some sort of selective mechanism to be beading out drift in order to keep it there as a second copy which does happen but it's having to fight against all of the detrimental mutations that it's most likely to gather up.
Any other questions?
All right. On we go. So little bit of housekeeping before we get started. Course evaluation surveys are open. I'm now going to do the thing that most of your instructors do is which is beg you to do and complete this for us.
Reason we do this is because this basically determines whether or not I ever get hired to teach again. Basically. So this is why we beg you and give you often some sort of carrot to do our course experience surveys. So they are



live. If you complete them before the midterm I will give you some cool easy bonus question on the midterm example that is my carrot for you. If 80 percent of you do it. So 15 to
20 of you can be lazy, the rest of you please please fill out the course evaluation survey. Not only is it going to make the course better, if there's things that you hated great let me know so another cohort of a students doesn't have to go through that part of the course. If there's things you really like and I don't know about them I might get rid of it this seemed like meh, so please please if you have time when you have time please fill this out.
We are on to our last topic. Which is potentially everyone's favourite topic ourselves so we are going to be talking through human evolution for the last three topics of the course. I will switch to drama lighting. Or not. So this is the last time I will bring out my handy dandy origin of species when it comes to human evolution in his seminal work Darwin had one sentence that had to do with human evolution and it is the tail end of the conclusion of the book and he said in future I see open fields for far more important researches. Much light will be thrown on the origin of man and his history. That is all he wrote. He was aware this was a very sensitive topic so that is the only thing that he wrote about in his seminal work he wanted the ideas to exist without all of the controversy that would



surround human evolution. He didn't let that last too long decade later he published Descent of Man where he did treatise on evolution of man and added in selection in addition to his ideas on natural selection. Now, our general run down breakdown for human evolution today we are going to be talking about primate phylogenetics where we exist within the animals within primates. Set the stage and then we are going to talk about the great dichotomy which is all of the research and difficulties that went into figuring out where we fit on that phylogenic tree. On Friday we are going to talk about species concepts which are hominids. All of the extinct and extant groups of hominid specie. We are going to talk about specie concepts, speciation rate. And last lecture we are going to talk about more modern humans, population genetics as well as integration possible breeding between humans and Neanderthals as well as potentially other groups as well.
Let's look at a map of where we are time-wise. First of all, dates I can't remember them I don't expect you to remember them. So any time I give you this happened a certain amount of million years ago don't worry about that.
I do however want you to know the order of this so I want you to know that flowering plants for example evolved after dinosaurs evolved. So the general order of operations important. Actual numbers I don't care. I don't remember



remember them. So I always basically have this tree as saved on my desktop whenever I'm trying to remember where things are in time of history I need to pull it up. I am sure at some point decades into teaching I will remember these dates but talking to any of the older evolutionary biologists instructor that is hasn't sat with them either. If we start here on the side we have the beginning of life going up to the top. Now, the particular era that I want to zoom in on is what we call the Mesozoic era which is the one in you have the three bars on the top, gives some idea of time and space. Now the orange is the rise and fall of the dinosaurs. So at the beginning of this Mesozoic era which we can break down into three periods Triassic, Jurassic and Cretaceous. Most of the complicated dinosaurs existed within Cretaceous....
Jurassic. Those who care about dinosaurs will know this. So this bar is basically bookended with dinosaur time. So we have the rise of the dinosaurs and then it end with the mass extinction of the dinosaurs about 65 million years ago.
Mammals, the first mammal we have records of is slightly after the rise of the dinosaurs. What is interesting to me is flowering plants only don't evolve until halfway through the Mesozoic era. The other thing to remember is a little bit about geography. Remember you have land masses tectonic plates are moving, during this Mesozoic era.
We have the world at the beginning of the dinosaurs



would have been Pangea, still in one glob and then you can see when the first flowering plants evolved, this separated into large land masses and then by the end of the Mesozoic period. It's not where we are now but it's at the point where it's broken up enough that you can see that land mass is definitely what becomes Africa. The world is physically shifting while this happens. The earliest known mammal which we said was about here, we don't know exactly what it looked like here is a rendering. I think he is just a cute little guy. Look at him, he doesn't know about taxes. He doesn't know about existential dread. He is just a little guy that evolved right after the dinosaurs. So we name this particular species Brasilodon quadrangularis. This is about
25 million years ago and he was Shrew like. They are like our sister branch closely related to rodents. Now, when we talk about mammals there are five main characteristics physiologists will argue this that have are unique derive the characteristics within the mammal tree. One is our particular brand of endothermy. We are not the only one that does endothermy. Birds also do it. They have evolved it independent. Our version of high metabolism and warmblood. Ear structure. You have three bones, ossicles. Those also unique shared with all mammals. Hair or fur, integumentary system as well as glands. Specialized dentician, so we are heterodonts. When you look at teeth we have three regions.



Incisors, K9 or vampire teeth and molars. If you look at dolphin teeth but if you do they are all perfectly the exact same shape so they are not specialized to different types of food the way mammals are. So you can see specialized herbivore diets, carnivore diets, et cetera. Lastly mammary glands. Milk production. Not technically unique to the group they do it in a different way, pigeons.
If we look at the mammal phylogenic tree... all of the mammals on one of these chaos circled phylogenic trees if you zoomed in enough you could read all of the mammal taxa.
But you can see if you look at the mammals that are currently extant. Still living. They sort neatly into three main taxa. So you have your monotremes, marsupials and placental. Most placental mammals if you look around the circular tree, you have other primates, bats, tetradactyls, marsupials.
Rodents have a quarter that is the largest group. When it comes to diversity. These three main groups monotremes, marsupials, eutherians, like us. Also vary. Monotremes are the Platypus, one echidna or multiple. Depend which species between two and five species depending on which evolutionary biologist you are arguing with. Second group is marsupials there's 330 species. Pretty much all of them exist within Australia. We do have a couple. We have one in Canada which is the opossum which range just barely tips into Canada.
These are things like koala, kangaroo. Think pouchy animals.



And then lastly we have eutherians of the 5,000 species primates, rodents, bats, carnivores, et cetera.
Now, the earliest known Eutherian was this fossil over here this is placental mammal. Have placenta to nurse their young and this is a rendering of what probably the first placental looked like this is 160 million years ago. Now within our placental mammals we have five major groups. We have primates up at the top, monkeys, apes, then we have our general rodents here rats, mouses. We have carnivores bats shrews, hedgehog, armadillo group and lastly we have this group here which I really love because it's incredibly diverse we just recently in the last couple of decades found out this is a separate group all the members within it were spread poly...	Throughout the tree so DNA evidence let us put things together. It's interesting because this group their size is so diverse we are the little things must be rodents and the big things must be something else so within that group we see small things like tedorex [phonetic] but large things like elephants. When I was on safari in Tanzania everyone in the group was confused when we woke up and there was this small house cat shaped thing there I was so stoked I was this is what I was most excited to see. We saw all of the animals that everyone but I was excited this is a rock hyrax about the size of a cat the most closely related species to a elephant. And that is just hilarious to



me so I was so excited to see it. All of the other diversity since they split off from elephants has died out now you end up with two little things on either side it looks like a mouse so they think mouse being scared of elephants I always remember rock hyraxes so those are your main five groups.
Now, we'll focus in primates within primates a couple of key characteristics we have excellent vision in my opinion. Grasping hands, nails and large brains. So those are the four things primates have going for them. And there's three major theories for why this group evolved with those characteristics. Now, the first is the art boreal theory. This is the idea that if we look at primates now most of them like chilling in trees. That is a good niche for them. All four of these are a result of trying to live in trees better. For example, excellent vision, grasping hands that is good, jump between branches, if you need glasses you don't have very good vision that is bad. Nail, helps us hold on to trees large brains you know allows us to do distance perception better. That is the first theory.
The second is visual predation. If you look at most primates we assume their ancestral characteristic was that they hunted at night for insects. So having good night vision being able to grab small things again ideal for hunting insects. And the last one is angiosperm radiation. So I told you back when we looked at the time span that angiosperms which are



flowering plants evolved mid met tow zoic area. They were starting to expand the same time primates were expanding massively in diversity. Now, the thing with angiosperm radiation diversify because of pollination. Different pollinators evolving to different flowers.	Both of those clades expanded very quickly. And if our primates were eating insects that mean insects were diversifying because flowers were and as a result primates diversified to be able to catch all of those different insects. Other theory is we were like these insects not worth the trouble look at all these new fruits. The idea is this might have been when we switched to omnivorous diet. This means there were new niches for each of these primates to specialize on. Now the first kind of doubtful old fossils hard to date most of them are incomplete and the other thing is when you try to figure out how old they are you are looking at how deep is in the earth they are, fossils are not going to be the exact layer because the organism die, is going to get covered up and mineralize at a different rate. There's also some inherent errors that is going to come with that dating. But this is what we think these first primate fossils looked like. Just a little guy with claws, big brain, big eyes and desire for either climbing trees eating insects at night or fruit or insects from different flowers.
Here again is where we are on our geologic time



frame. At this point there was a split between two different types of primates. I don't need you to know scientific names. I am not a type of instructor that cares that much.
I care you can talk with a group. Please use common names for this. If you know it from other courses great but I'm going to have to make Jeffery check the answer key for scientific names. We have our wet nose primates and dry nose. So they generally split in the two. Our wet nose primates are our lemurs lorises, the things you notice they remind you of Zoboomafoo. Any of you watch that growing up? They have giant eyes. This is because they are nocturnal.
Bigger eyes get more light you can differentiate contrast better at night. They are diverse and they are eating insects again this is where we assume the ancestral state was and they continued in this lifestyle. Most of these exist now in Madagascar. Almost all of them you have to spend the flight tickets to get the small island off the coast of Africa. Dry nose primates, I don't expect you to identify these. Please don't memorize. We have dry nose primates these have a more diverse diet. Some of them are insectavores, fruitavores and omnivores. Most of them are diurnal I say mostly because the tarsier eats insects, is nocturnal, has giant eyes it was considered a wet nose primate and there's been movement around you can see it's the one that branched off first within the group. They are



diurnal. Spend most of time hunting in the early house right before the sun comes up and late in the evening. Which I also love because this is the group that we are from which makes sense why I want to nap in the afternoon. Because most of these do. They are diurnal species. We have monkeys and capuchin and monkeys and...
Apes are the little branch at the top. We think the first Ape we have named proconsul. This is a picture my colleagues took at the museum of history of fossil we found of proconsul and what we thought generally they looked like. And then within -- here is where we are on the timeline to update us. So again orange rise and fall of the dinosaurs. The first ape we think is 17 million years ago. Now we can divide this into two kind of groups. We have the lesser apes Gibbons. They are cool they are long arms and swing from the trees. And then we have the great apes. Which are the or Orangutan, gorilla, Bonobo, chimpanzees and us humans.
Things to know about these groups one, Orangutan not Orangutang. I took a course with Birute Galdikas. She looked like she would hit you with a stick if you said it wrong. She was incredibly cool if she's still teaching here you have an opportunity to take a course with her. I would if anyone is leading researcher in their field regardless of the field take that course she has the most interesting stories I've ever heard. And also very funny because for



group presentations we each had to choose a species to present on and unfortunately four students had to present on or Orangutan look at this it's a great story he got released back into the wild. That is George. I was there when he was born. She could identify every single or Orangutan picture that went up. She is still teaching in archaeology. She teaches in primatology courses here.
So within this group there are or Orangutans which have been separated gorillas separated bonobos, chimpanzees they are closer and us humans. We are going to talk about the great trichotomy which is the most expensive node on a phylogenic tree. I said this because we have spent millions of research dollars trying to resolve this question mark which is are we more closely related to chimpanzees and bonobos or gorillas. This took years and millions of dollars to answer we want today know exactly how that branching pattern worked. We want to know where we fit within this tree.
Now here is some pictures and the various ranges again you are or Orangutan chimpanzees and bonobos and gorillas and these were the four options. So either we are more closely related to chimps and bonobos, gorilla, closer to gorillas, maybe they are more closely related to each other than to us or some other weird three-way branching pattern. Gene polysomies where you have a simultaneous



three-way split technically possible through some weird genetic mechanism but incredibly unlikely.
So if we look at early data from immunology so if you compare the immune systems of these groups back before DNA we could rule out or Orangutans were more distally related to us. We didn't know which way this part branched. Now, I'll spoil the ending of this which is most of you should know that we are more closely related to chimps and been oboes than we are to gorillas. But what made this so difficult is this split gorilla splitting off from us and them happened in a very short period of time from when we split with chimpanzees. So if you are looking at any type of analysis of these phylogenetics the error bars are going to be quite large and encompass that split. ...
What is interesting is we would choose a gene to try to answer this question. We would say okay, are we more closely related to chimpanzees and bonobos and gorillas. We would pick a genetic marker, see this is we are more similar to gorillas than chimpanzees or vice versa and these papers would come out and be contradicting each other. So if you say here is a chromosome you say run the genetics of this particular gene and you look at the alleles this one says we are more closely related to chimps. This one though would say we are more closely related to gorillas. Both of these are true. So if you are looking at the genes, the genes can



tell a different story than the overall divisions of species maps. And this is because genes like species have their own evolutionary tree. So you can think of genes in loci as evolving having their own tree separate from a specie trees we call these gene trees. They should be called an allele tree....	But the evolution of different versions of alleles. So say that you had version 1 we'll call this the wild type. Allele 1 within a population. It mutates and now you have two different alleles within a population. You have allele 1 and 2. Then allele 2 mutates into a third mutation that is even more complicated and you get gene 3. You can end up looking at the gene tree like this: One is the most ancestral, you have 2 and then you have 3. The problem we run into is when these tell us different information than our species tree and that you'll have to wait until next time.
Any questions before you head out? Perfect. All right we'll catch up on the rest of this on Friday and then we'll talk about some hominids.
********************************** LANA G. ALLEN, RPR, RCR.
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